mphysematous pyelonephritis (EPN) and emphysematous pyelitis (EP) are rare gas-forming acute infections of the renal parenchyma. In EP the gas is limited to the pelvicaliceal system, whereas in EPN, gas extends further into the renal parenchyma, perinephric tissues, and the retroperitoneum. Ninety percent of patients with EPN have diabetes mellitus (DM), while EP is associated with DM in 50% of cases (1-5). The purpose of our study was to describe the computed tomography (CT) findings in five insulin-dependent diabetic patients with renal emphysema.
ureter, and air in the collecting system and right ureter-findings consistent with EP ( Fig. 2a-c) . A large tumor of the bladder infiltrating the right ureteral orifice was also observed (Fig.  2d) . The patient was managed conservatively with antibiotics, insulin, and electrolytes. Despite treatment, his condition deteriorated, and he died a month later.
Case 3
A 67-year-old female insulin-dependent DM patient presented with septic coma and acute renal failure. Her relatives reported a 48-hour history of fever and pain in the right renal area, where physical examination revealed a mass. Laboratory evaluation showed impaired renal function and signs of urinary infection. CT demonstrated gas within the parenchyma of right kidney, the collecting system, the right ureter, and the retroperitoneum (Fig. 3) . The patient was managed conservatively but died of sepsis after six days.
Case 4
A 73-year-old female with a 15-year history of insulin-dependent DM presented with confusion, vomiting, high fever, and abdominal pain. A mass was palpable in the left upper abdominal quadrant. Laboratory evaluation showed signs of urinary infection. CT demonstrated a large amount of air in the renal parenchyma and the retroperitoneum. Much of the renal parenchyma was destroyed (Fig. 4) . The patient was initially treated with antibiotics, insulin, and electrolytes; clinical condition improved over the next few days. Two months later, left nephrectomy was performed; the patient is in good condition 2.5 years later.
Case 5
A 36-year-old female insulin-dependent DM patient with a history of urolithiasis presented with high fever and abdominal pain. CT demonstrated multiple stones in the left pelvicaliceal system, gas within the renal parenchyma, a small amount of gas in the retroperitoneum, and a renal abscess (Fig. 5) . The patient's condition improved within four days after conservative treatment, and urolithiasis was managed a few months later. 
Discussion
Renal emphysema is one of the most fulminant forms of upper urinary tract infection associated with necrosis and gas formation. Although it is a serious clinical entity, it is rarely reported in the medical literature. In the majority of cases it is unilateral (1-4).
Kelly and MacCallum initially described renal emphysema (gas in the kidney) in 1898. Renal emphysema is divided into two different clinical entities whose management and prognosis are different: EPN and EP (5) . EPN is a rare severe necrotizing gasforming acute infection of the renal parenchyma, in which gas is present in the renal parenchyma, perinephric tissues, and even in the retroperitoneum. High rates of mortality and morbidity are seen in EPN. More than 90% of the patients have DM; in the remainder, it is related to obstruction. It is more common in females and usually affects the left kidney, although in 10% of the cases there is involvement of both kidneys. In addition to medical therapy, aggressive surgical management (nephrectomy) has been recommended to improve survival. EPN has also been reported in transplanted kidneys (1) (2) (3) (4) (5) .
EP is a milder form of the disease with a better prognosis, in which gas is limited to the pelvicaliceal system. It is commonly associated with obstructive uropathy due to calculus, stricture, or neoplasm. It responds well to conservative therapy, with or without a drainage procedure (1) (2) (3) (4) (5) .
In 75% of the cases, infection is caused by Escherichia coli (75%). In other cases, Klebsiella pneumoniae, Enterobacter aerogenes, Proteus mirabilis, Pseudomonas species, anaerobic streptococci, and Candida and other fungi have been isolated as the pathogenetic organisms (1-9). A case of amoebiasis has also been reported (10) .
Renal emphysema may present with fever, nausea, vomiting, abdominal pain, shock, lethargy, confusion, and uncommonly with diabetic ketoacidosis. Laboratory findings include hyperglycemia, increased white blood cell counts, pyuria, and elevated levels of urea and creatinine (11) . At the onset of the disease, clinical features of renal emphysema are similar to other forms of acute pyelonephritis. Renal emphysema should be suspected when renal infection has a prolonged or refractory course and is associated with a palpable renal lump, diabetes, or obstruction. The dramatic finding of crepitation over the thigh or flank in a diabetic patient is infrequent; when present it should raise a high degree of suspicion for emphysematous pyelonephritis with extension into the perinephric space and retroperitoneum. Four factors appear to be involved in the pathogenesis of EPN: gas-forming bacteria, high tissue glucose, impaired tissue perfusion, and defective immunity (2, 3, 12) . The most important factor in the pathogenesis of gas formation appears to be high tissue glucose, employed as a growth medium for the microorganisms involved and fermentation of necrotic tissue. Analysis shows that the gas includes N 2 (60%), H 2 (15%), O 2 (8%), CO 2 (5%), and other gases in lesser concentrations (12) . The pathogenesis of gas formation is not well understood; formation of CO 2 and H 2 by fermentation of sugar (at high levels in the tissue and urine of these patients) is one proposed mechanism. Gas bubble formation is initiated by rapid catabolism and impaired transportation of gas. The rapid catabolism may be caused by severe infection, tissue ischemia, and infarction. Another possibility is that poor circulation leads to sugar fermentation and impaired transportation (12) .
CT is considered the best imaging technique for the diagnosis of the disease, for identification of gas (within the renal parenchyma, collecting system, ureter, urinary bladder, perinephric and paranephric spaces, and sometimes in the vascular system) and for evaluating severity of infection. Gas around the spinal cord and within the psoas muscle was reported in a fatal case of bilateral EPN (13) .
In 1998, Wan et al. classified EPN into two types, based on CT findings: Type I is the classical form with renal parenchymal destruction and presence of diffuse gas in the parenchyma in a streaked or mottled pattern following the pyramids, with little or no fluid. Type II is characterized by the presence of fluid (renal and perirenal) with a bubbly or loculated gas pattern, or gas in the collecting system with acute bacterial nephritis or with renal or perirenal fluid-containing abscesses (14) . Radiological diagnosis plays a major role in the prognosis of disease; type I EPN has a higher mortality rate than type II (14) .
In 2000, Huang and Tseng categorized CT findings into the following 4 classes (class 1 being the mildest) (4): Class 1: gas in the collecting system only (EP). Class 2: gas in the renal parenchyma without extension to extrarenal space. Class 3A: extension of gas or abscess to the perinephric space. Class 3B: extension of gas or abscess to the paranephric space. Class 4: bilateral EPN or solitary kidney EPN. EPN (classes 2-4) must be differentiated from EP (class 1), in which gas is present in the collecting system of the kidney but not in the parenchyma.
It has been suggested that the term EPN should be only applied to gas formation within the renal parenchyma and perinephric space. Others have said that the infection of the renal parenchyma and perinephric tissue results in the presence of gas in the collecting system, parenchyma, and perinephric space. This is preferred because it includes all possible manifestations of acute renal infection with gas formation. EPN must be also differentiated from gas-forming renal abscess, in which gas is not found in the renal parenchyma. Gas in the renal parenchyma can also have traumatic or iatrogenic causes (Foley catheter or an enterorenal fistula).
The most important factor in management is early diagnosis and treatment. Treatment of EPN involves antibiotic therapy (15), followed, if necessary, by surgical intervention (nephrectomy). Recently, percutaneous drainage has been reported as a kidney-saving procedure. This alternative to nephrectomy is particularly important in solitary kidney patients, patients with bilateral EPN, and inoperable patients (16, 17) . Transurethral retrograde drainage with stent placement has also been reported (18) .
The mortality in untreated EPN is near 100%. With medical treatment alone, it decreases to 70%; with combined medical and surgical intervention, mortality can be reduced to 30% (19) .
In conclusion, we believe that spiral CT is the examination of choice for evaluation of diabetic patients with signs and symptoms of renal em- retroperitoneum (a, b). A renal abscess is also demonstrated (arrow, b) . b a physema. This diagnostic modality is helpful in staging the disease and evaluating its severity, and it plays a critical role in selection of the treatment procedure.
